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Introduction
Dilute magnetic semiconductors (DMS) have attracted much attention due to their potential application in spintronics. Most previous studies have focused on magnetic 3d transition-metal (TM) doped DMS, based on group III-V and II-VI host materials [1, 2] . Recently, however, unexpected high-temperature ferromagnetism (FM) has been observed in a series of materials, which do not contain ions with partially filled d or f bands [3] ; this has provoked a strong interest in investigating further the occurrence and nature of high-temperature ferromagnetism.
SnO 2 is a wide band-gap material which has been used as a transparent conducting electrode in solar cells [4] and gas sensors [5] . TM (Co, Fe, Cr, V, and Ni)-doped SnO 2 exhibits ferromagnetism above room temperature (RT) [6] [7] [8] [9] [10] . However, the origin of ferromagnetism observed in these different experiments is still under debate; Rahman et al. [11] have even showed that it is possible to induce magnetism in SnO 2 without doping of TM from first-principles. Recently, RT ferromagnetism was found in C-doped ZnO by replacement of O atoms by C atoms [12] . The group reported subsequently using first-principles calculations that N-doped ZnO can also display weak ferromagnetism [13] . Besides ZnO, Gu et al. [14] also reported that ferromagnetism was found in N-doped MgO within the tight-binding approximation and quantum Monte Carlo simulation. It would appear that the phenomenon of d 0 ferromagnetism may be a distinct possibility in a range of metal oxidies.
In the present work, we have studied the electronic structure and magnetic properties of N-doped SnO 2 by density functional theory (DFT) calculations for a series of N-doped configurations. The calculated results show that each N atom induces a magnetic moment of 0.95μ B per cell and the N dopants tend to substitute the neighboring anions and favor FM spin-ordering. Long-range RT ferromagnetic behavior was found to be associated with holes mediated through p-p interaction between the impurities and host atoms. We corroborated this finding further by examination of the spatial spin distribution.
Methodology
All of the spin-polarized DFT calculations were performed using the projector augmented wave (PAW) pseudopotentials, as implemented in the VASP code [15, 16] .
The Perdew and Wang parametrization [17] of the generalized gradient approximation This suggests a "cluster effect" of N dopants in the supercell, which is quite distinct from transition metal-doped SnO 2 [7, 8] . Figures 3(b) (cf. FM state) show the spin density between the two N ions separated by 2.616 Å in the (0, 1) configuration. 
Conclusions
To summarize, we have studied N anion doped SnO2 with density functional theory calculations. It has been shown that N impurities acquire magnetization with a magnetic moment of 0.95μ B due to the fully empty N 2p states located in the band gap.
The long-rang ferromagnetic coupling between two N dopants is through p-p interaction in this N-doped SnO 2 material. N(i, j) (i=0, j= 1,8) . 
